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Atrial Tachycardia After Circumferential
Pulmonary Vein Ablation of Atrial Fibrillation
Mechanistic Insights, Results of Catheter
Ablation, and Risk Factors for Recurrence
Sanders Chae, MD, Hakan Oral, MD, FACC, Eric Good, DO, FACC, Sujoya Dey, MD,
Alan Wimmer, MD, Thomas Crawford, MD, Darryl Wells, MD, Jean-Francois Sarrazin, MD,
Nagib Chalfoun, MD, Michael Kuhne, MD, Jackie Fortino, RN, Elizabeth Huether, CVT,
Tammy Lemerand, CVT, Frank Pelosi, MD, FACC, Frank Bogun, MD, FACC,
Fred Morady, MD, FACC, Aman Chugh, MD, FACC
Ann Arbor, Michigan
Objectives The aim of this study was to determine the mechanism of atrial tachycardia (AT) that occurs after ablation of
atrial fibrillation (AF).
Background Patients who undergo catheter ablation of AF may develop AT during follow-up.
Methods Seventy-eight patients underwent an ablation procedure for AT after circumferential pulmonary vein ablation
(CPVA) for AF. The 3-dimensional maps from the AF and AT procedures were compared to determine whether AT
arose from a prior ablation line.
Results A total of 155 ATs were mapped, and the mechanism was re-entry in 137 (88%) and focal in 18 (12%). The
most common left atrial (LA) ablation targets were the mitral isthmus, roof, and septum. The critical isthmus in
115 of the 120 LA re-entrant ATs (96%) traversed a prior ablation line, consistent with a gap-related mecha-
nism. Catheter ablation was successful in 66 of the 78 patients (85%). After a mean follow-up of 13  10
months, 60 of the 78 patients (77%) were free of AT/AF without antiarrhythmic medications. Re-entrant septal
AT was associated with recurrence (odds ratio 7.3; 95% confidence interval 1.5 to 36; p  0.02), whereas PV
isolation during the AT procedure was associated with a favorable outcome (odds ratio 0.17; 95% confidence
interval 0.04 to 0.81; p  0.03).
Conclusions Approximately 90% of ATs after CPVA are re-entrant, and nearly all are related to gaps in prior ablation lines.
These findings suggest that the prevalence of these arrhythmias may be reduced by limiting the number of lin-
ear lesions, demonstration of linear block, and pulmonary vein disconnection during the initial AF
procedure. (J Am Coll Cardiol 2007;50:1781–7) © 2007 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.07.044a
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wlthough circumferential pulmonary vein ablation (CPVA)
s effective in eliminating atrial fibrillation (AF) (1,2), it may
esult in organized atrial tachycardias (ATs) (3–5) that
See page 1788
equire a repeat ablation procedure. The possible mecha-
isms of AT include macro–re-entry related to gaps in
rom the Division of Cardiology, University of Michigan Hospitals, Ann Arbor,
ichigan. Drs. Oral and Morady are founders and stockholders of Ablation
rontiers, Inc. Drs. Oral and Morady have consulted with Ablation Frontiers, Inc.,
nd Biosense Webster.c
Manuscript received April 5, 2007; revised manuscript received June 29, 2007,
ccepted July 1, 2007.blation lines (4–6) and organization of AF because of
limination of fibrillatory conduction. The precise mecha-
isms of AT after CPVA in a large series of patients have
ot been described.
ethods
atient characteristics. Seventy-eight consecutive patients
ho underwent a repeat ablation procedure for AT were
ncluded in the study. These patients were drawn from a pool
f 800 consecutive patients who underwent CPVA at our
nstitution. The clinical characteristics of the patients are
escribed in Table 1. The study patients had failed treatment
ith a rhythm-control (n  40) and/or a rate-control medi-
ation (n 78). The ablation procedure for ATwas performed
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Atrial Tachycardia After Ablation October 30, 2007:1781–7a mean of 11  7 months after
the original procedure for AF. Pa-
tients whose sole arrhythmia was
cavotricuspid isthmus-dependent
flutter were not included in this
study.
Ablation of AF. The CPVA
procedure has been previously de-
scribed in detail (1). Briefly, circu-
lar lesions were created around the
ipsilateral pulmonary veins (PVs)
using a 3-dimensional mapping
ystem (Carto, Biosense Webster, Diamond Bar, Caifornia)
nd an 8-mm-tip ablation catheter (Navistar, Biosense
ebster). Ablation lines were also created at the posterior
eft atrium (LA) or roof connecting the circular lesions and
t the mitral isthmus. Radiofrequency energy was delivered
ith a target temperature of 50°C to 55°C and a power of 50
o 60 W (Stockert 70 RF generator, Biosense Webster).
he end point of the procedure was voltage abatement of
he local atrial electrogram; PV disconnection and conduc-
ion block across the various lines were not required.
apping and ablation of AT. Treatment with antiar-
hythmic medications was discontinued at least 5 half-lives
efore the procedure. Treatment with amiodarone was
iscontinued 6 weeks before the ablation procedure.
trial tachycardia was persistent in 62 patients (79%) and
aroxysmal in 16 patients (21%). In patients presenting to
he laboratory in sinus rhythm (n  16), rapid atrial pacing
rom the coronary sinus (CS) was used to induce AT. An
ctivation map was then created using a 3-dimensional
lectroanatomical mapping system (Carto, Biosense Web-
ter). Sites harboring fractionated electrograms, double
otentials (50 ms), and very low amplitude electrograms
0.05 mV) were labeled on the map.
The mechanism of AT was considered to be macro–
e-entry if activation mapping accounted for at least 90% of
he tachycardia cycle length and if the diameter of the
e-entry circuit was 3 cm (7). The mechanism of the
achycardia was considered to be caused by a small re-entry
ircuit if the majority of the cycle length could be accounted
or and if the diameter of the circuit was 3 cm. In all cases
f a re-entrant AT, entrainment mapping at a cycle length
0 to 40 ms shorter than that of the tachycardia was
Abbreviations
and Acronyms
AF  atrial fibrillation
AT  atrial tachycardia
CPVA  circumferential
pulmonary vein ablation
CS  coronary sinus
LA  left atrium/atrial
PV  pulmonary vein
linical Characteristics of the Study Patients
Table 1 Clinical Characteristics of the Study Patients
Number of patients 78
Age (yrs) 56 10
Male/female 57/21
Duration of atrial fibrillation (yrs) 6 6
Paroxysmal/persistent atrial fibrillation 57/21
Left ventricular ejection fraction 0.53 0.09
Left atrial diameter (mm) 43 6
Structural heart disease 23 (29%)bontinuous variables are shown as mean SD.erformed to identify sites within the re-entry circuit. Sites
here the post-pacing interval was within 20 ms of the
achycardia cycle length were considered to be within the
e-entry circuit (8). Catheter ablation was performed in a
inear fashion from a site within the re-entry circuit to an
natomical barrier or to an area with conduction block.
adiofrequency energy was delivered with an 8-mm-tip
atheter (Navistar, Biosense Webster) at the same power
nd temperature settings as during the AF procedure or
ith a 3.5-mm irrigated-tip catheter (Thermocool, Bio-
ense Webster) at a power of 25 to 35 W and with a
emperature cutoff of 45°C.
If activation mapping failed to account for the majority of
he tachycardia cycle length, the AT was considered to be
ither a re-entrant tachycardia from the contralateral atrium
r CS, or a focal AT. A focal mechanism was confirmed if
apping showed centrifugal activation from a point source.
rocedural end points. The end points of the procedure
ere termination of the AT by ablation and the inability to
nduce additional ATs. The induction protocol consisted of
xtrastimulus testing and rapid atrial pacing to atrial refrac-
oriness, which was repeated during isoproterenol infusion.
n our early experience with post-ablation ATs, the end
oint did not include demonstration of conduction block. In
he latter 53 patients in this study, the end point also
ncluded demonstration of isthmus block in patients with
itral-dependent or roof-dependent ATs, as has been
escribed previously (9,10).
After it was noticed that some patients experienced
ecurrent AT despite a prior successful ablation procedure
or AT, in 34 patients (44%), an additional end point
ncluded PV isolation, defined as complete elimination or
issociation of all PV potentials.
ap-related versus non– gap-related ATs. In patients
ith re-entrant ATs, the 3-dimensional maps from the AF
nd AT ablation procedures were compared in 4 views to
etermine whether the AT arose from a prior ablation line.
f the AT re-entry circuit traversed an AF ablation line, it
as considered to be a gap-related AT. Conversely, if a
e-entrant AT was mapped to a portion of the LA that had
ot been ablated during the AF procedure, it was considered
non–gap-related AT.
Although ablation in the CS was not performed during
he AF procedure, a re-entrant AT was deemed to be
ap-related if it arose from the mid or distal CS. The
ationale for this was that ablation lines in the posterior LA
nd/or mitral isthmus may have slowed conduction and
acilitated re-entry by disrupting LA–CS muscular connec-
ions (5).
ultiple-loop circuits. A multiple-loop re-entrant tachy-
ardia was deemed to be present if there were 2 simulta-
eous circuits using different isthmi. If the results of
ctivation mapping suggested the presence of a multiple-
oop tachycardia, this was corroborated with entrainment
apping. Ablation was commenced at the isthmus with the
est post-pacing interval during entrainment mapping. If
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October 30, 2007:1781–7 Atrial Tachycardia After Ablationhe tachycardia failed to terminate, ablation was performed
t other isthmi as guided by entrainment mapping.
ostprocedure management and follow-up. Patients
ere monitored and treated with intravenous heparin over-
ight, then discharged with a prescription for warfarin and
ubcutaneous low-molecular-weight heparin (0.5 mg/kg
wice daily) until the international normalized ratio was
2.0. Patients resumed the rate-control medications that
hey had been taking before the procedure.
The patients were seen in an outpatient clinic at 3 months
nd 6 months after the procedure, and as needed thereafter.
t the 3-month visit, treatment with rate-control agents
as discontinued if the patient reported no recurrence of
rrhythmia-related symptoms. All patients then wore an
uto-trigger event monitor (Lifestar AF Express, Life-
atch Inc., Buffalo Grove, Illinois) for 30 days for evalu-
tion of asymptomatic arrhythmias. Warfarin therapy was
iscontinued, and aspirin was substituted if monitoring
ailed to show AT/AF.
tatistical analysis. Continuous data are presented as
ean  1 SD. Factors associated with recurrent AT were
nalyzed by multivariate logistic regression analysis. These
ariables were analyzed per patient and not per episode of
T. A value of p  0.05 was considered statistically
ignificant.
esults
Ts. One hundred fifty-five ATs were mapped in the 78
atients. The mechanism was re-entry in 137 of the 155
Ts (88%) and focal in 18 (12%). The mean cycle lengths
f the re-entrant and focal ATs were 256  49 ms and
14  40 ms, respectively. Macro–re-entry was responsible
or 116 of the 137 re-entrant ATs (85%), and small re-entry
ircuits were responsible for the remaining 21 ATs (15%).
After eliminating the 17 ATs that used the cavotricuspid
sthmus, the mitral isthmus was the most frequent ablation
arget, accounting for 50 of the 120 LA re-entrant ATs
42%). The LA roof and septum accounted for 24 (20%)
nd 16 (13%) of the re-entrant ATs, respectively. These
ata are depicted in Figure 1. Among the 21 ATs caused by
mall re-entrant circuits, the ablation target was the anterior
eriosteal aspect of the left superior PV in 6 (29%), the
S in 5 (24%), the anterior wall in 5 (24%), the posterior
all in 3 (14%), and the antrum of the right superior and
ight inferior PV in 1 each. Among the 18 focal ATs, the
rigin was from one of the PVs in 15 (83%), the LA
eptum in 2 (11%), the crista terminalis in 1, and the
uperior vena cava in 1.
ap-related AT. Comparison of the maps from the AF
nd AT procedures showed that the re-entry circuit of 115
f the 120 LA re-entrant ATs (96%) traversed a prior ablation
ine, implying that they were gap-related (Figure 2). Among
he 5 nongap-related re-entrant ATs, the critical isthmus
as the anterior LA wall in 3 and the right atrial–CS
onnection in 2. pultiple-loop circuits. Mapping showed that a multiple-
oop circuit was present in 17 of the 78 patients (22%). The
itral isthmus and the LA anterior wall were engaged
imultaneously in 4 of the 17 patients, the mitral isthmus
nd roof in 3, a loop around the right- and left-sided PVs in
, mitral isthmus and a loop around the left-sided PVs in 1,
avotricuspid isthmus and right atrial septum in 1, LA
eptum and right atrial posterior wall in 1, and multiple left
nd right atrial sites in the remaining 5 patients. Among the
patients with an AT involving both the mitral isthmus
nd the LA anterior walls, both sides of the septum also
ere part of the circuit in 2 patients. Among the 3
Figure 1 Mechanism and Distribution of Re-Entrant Circuits
(A) Pie chart showing the frequency and location of macro–re-entrant atrial
tachycardias (ATs). (B) Pie chart showing the frequency and location of small
re-entrant ATs. AW  anterior wall; CS  coronary sinus; CTI  cavotricuspid
isthmus; LSPV  around the left superior pulmonary vein; MI  mitral isthmus;
PW  posterior wall; RI  right inferior; RS  right superior.atients with a multiple-loop circuit involving the mitral
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Atrial Tachycardia After Ablation October 30, 2007:1781–7sthmus and the roof, the proximal CS also was involved
n 1 patient (Figs. 3 to 5) and the septum in another.
eptal ATs. Entrainment mapping confirmed that the
Figure 2 Example of a Gap-Related Septal AT
(A) Electroanatomical map of the left atrium from a patient with paroxysmal
atrial fibrillation, in an anteroposterior (AP) projection. The red circles represent
sites of radiofrequency energy delivery. The open circles indicate areas at
which radiofrequency energy with an 8-mm-tip catheter could not be applied for
more than a few seconds because of an abrupt decrease in the delivered
power. (B) An activation map performed several months later during a septal
atrial tachycardia (AT) in the same patient, in an AP view with cranial angula-
tion. There is a figure-of-8 activation pattern that is stabilized superiorly by a
corridor of widely split (90 ms) double potentials (red arrows) related to prior
ablation at the roof, by the mitral annulus, and by the right-sided pulmonary
veins (PV). The tachycardia is likely utilizing gaps in the incomplete ablation
line shown in (A). Gold circles represent sites at which the post-pacing interval
matched the tachycardia cycle length. Linear ablation (dashed circles) from
the mitral annulus to the right-sided pulmonary veins resulted in prolongation
of the tachycardia cycle length but was unsuccessful in terminating the tachy-
cardia. Entrainment mapping showed that the right atrial septum also was part
of the circuit; however, ablation at this site also failed to terminate the tachy-
cardia. L  left; R  right.ight atrial aspect of the septum was also part of the pe-entrant circuit in 14 of 16 patients (87%) with septal
Ts. Catheter ablation at the right atrial septum terminated
he septal AT in 3 of 14 patients (21%). In 1 patient,
blation at the left and then the right aspect of the septum
esulted in transient termination of the AT. Of the 18 septal
focal and re-entrant) ATs, transient slowing of the ventric-
lar rate during AT or transient prolongation of the PR
nterval was noted during ablation in 3 cases (17%). All 3
nstances occurred during radiofrequency ablation at the LA
spect of the septum.
atheter ablation. Radiofrequency ablation was successful
n eliminating 134 of 155 ATs (86%). Of the 116 macro–
e-entrant tachycardias, catheter ablation was effective in
erminating 45 of 50 ATs (90%) from the mitral isthmus, 20
f 24 ATs (83%) from the roof, 6 of 16 ATs (38%) from the
eptum, 6 of 6 ATs (100%) from the CS, 2 of 3 ATs (67%)
rom the anterior wall, and all 17 ATs from the cavotricus-
CS
A
B
MV
PA
Figure 3 Example of a Multiple-Loop AT Circuit
(A) Activation map of the left atrium (LA) in a posteroanterior (PA) view. There
is counterclockwise activation along the posterior wall. The pink tags show the
course of the esophagus. (B) Activation map of the LA in a shallow left ante-
rior oblique view. There are 2 more loops, one with clockwise activation along
the anterior wall (white loop) and another with clockwise activation (yellow
loop) around the mitral valve (MV). The latter is consistent with an epicardial
mitral isthmus circuit utilizing the coronary sinus (CS). The dashed brown por-
tion of the mitral-isthmus loop refers to activation along the posterior wall. The
loops along the anterior and posterior walls converge at the roof. The ostial
aspect of the CS was also shown to be part of the circuit by entrainment map-
ping (Fig. 4), making it a quadruple-loop circuit. The mitral isthmus loop was
targeted first, and ablation was commenced at the distal CS because there
were no appreciable electrograms at the endocardial aspect of the isthmus.
See Figures 4 and 5 for further details. Note the presence of scar (gray cir-
cles), especially at the mitral isthmus. AT  atrial tachycardia.id isthmus (100%). Radiofrequency ablation terminated 20
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October 30, 2007:1781–7 Atrial Tachycardia After Ablationf 21 ATs (95%) using a small re-entry circuit. All 18 focal
Ts were abolished with catheter ablation. Acute proce-
ural success (i.e., tachycardia termination and lack of
nducibility) was achieved in 66 of 78 patients (85%).
The end point also included demonstration of linear
lock in 30 patients with AT from the mitral isthmus and
Figure 4 Entrainment Mapping in the Same Patient as in Figur
(A) The post-pacing interval (PPI) from the ostial aspect of the coronary sinus (CS)
distal CS also shows a perfect return cycle. (C) Entrainment mapping from the dis
phology or the tachycardia cycle length, a long PPI implies that the mitral/distal CS
leads II, V1, and V5, and bipolar electrograms recorded by catheters placed in the
Figure 5 Effect of Radiofrequency Ablation in the Same Patient
(A) Radiofrequency energy delivery at the LA roof slows the tachycardia cycle leng
upright to biphasic in lead V1 (arrows), indicating that the 2 loops converging at th
mal CS. After entrainment mapping showed that the PPI at the proximal CS was s
loop, resulting in sinus rhythm. There were no inducible tachycardias thereafter. A7 patients with AT from the LA roof. Linear block was
chieved in 21 of the patients with mitral isthmus AT and
4 patients with roof AT. Among the former, ablation in
he CS was required in 13 patients (62%). Reasons for
ailure to achieve conduction block included procedure
uration, high real-time impedance or chest discomfort
0 ms, matching the tachycardia cycle length. (B) Entrainment mapping from the
after radiofrequency ablation (RFA). Despite a lack of change in the P-wave mor-
on of the AT circuit has been eliminated. Also shown are electrocardiographic
rium (LAd and LAp) and right atrium (RAd and RAp). Os  ostium.
n Figures 3 and 4
250 to 275 ms. Concomitantly, the P-wave morphology abruptly changes from
have been eliminated. (B) Effect of radiofrequency energy delivery in the proxi-
same as the tachycardia cycle length, ablation at this site eliminated the last
blation; other abbreviations as in Figure 4.e 3
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Atrial Tachycardia After Ablation October 30, 2007:1781–7uring ablation in the CS, and the location of the
sophagus.
epeat ablation procedures for AT. Despite a successful
cute outcome, 18 of 66 patients (27%) developed recurrent
T during follow-up. Fourteen of these patients underwent a
epeat procedure for AT. The critical isthmus in 11 of 14
atients (79%) was different than the one(s) found during
he initial procedure. In 6 of these 14 patients (43%), an
nitially successful ablation at the mitral isthmus was fol-
owed by the development of a roof tachycardia or an
nitially successful ablation at the roof was followed by the
evelopment of a mitral isthmus tachycardia. Two addi-
ional patients underwent a repeat procedure with an
rrigated-tip catheter for mitral isthmus AT because the
nitial procedure with an 8-mm-tip catheter was unsuccess-
ul. The recurrent ATs were successfully ablated in 13 of
hese 16 patients (81%).
Thirty-four patients (44%) underwent PV isolation dur-
ng either the first or the repeat ablation procedure for AT.
here were no serious complications such as perforation,
hromboembolism, or atrioesophageal fistula.
ong-term efficacy. Sixty of 78 patients (77%) were free of
ecurrent AT/AF in the absence of antiarrhythmic drug
herapy at a mean follow-up of 13  10 months after the
ast ablation procedure. An additional 8 patients reported
ignificant clinical improvement, with occasional, well-
olerated episodes of AT/AF. Therefore, a clinically satis-
actory outcome was achieved in 68 of 78 patients (87%).
Among various clinical and procedural characteristics, the
resence of re-entrant septal AT was independently associ-
ted with recurrence during follow-up (odds ratio 7.3; 95%
onfidence interval 1.5 to 36; p  0.02). Complete PV
solation during the AT procedure was associated with a
ower likelihood of recurrence (odds ratio 0.17; 95% confi-
ence interval 0.04 to 0.81; p  0.03), as was a history of
ersistent AF (odds ratio 0.11; 95% confidence interval 0.02
o 0.74; p  0.02).
iscussion
ain findings. A main finding of this study is that the vast
ajority of ATs that occurred after CPVA for AF were
aused by a re-entrant mechanism. Furthermore, nearly all
A re-entrant ATs had a component of the re-entry circuit
hat traversed a prior ablation line, indicating that they were
ap-related. The mitral isthmus, roof, and septum ac-
ounted for 75% of the ablation target sites for macro–re-
ntrant ATs from the LA. Catheter ablation was successful
n 85% of patients, and most patients remained arrhythmia-
ree at long-term follow-up.
The observation that most ATs are caused by gaps in prior
blation lines implies that most postablation ATs are avoid-
ble, either by limiting the amount of linear ablation and/or by
onfirming complete conduction block across linear lesions.
ecurrent AT. In approximately 25% of the patients in
his study, recurrent arrhythmias developed despite a suc- tessful procedure for AT. It may be argued that this number
ould have been lower had the end point during the AT
rocedure included systematic demonstration of isthmus
lock. However, the critical isthmus in the majority of
atients who underwent a repeat procedure for AT was
ifferent than that found during the initial AT procedure.
lthough linear block is a desirable end point, it is unlikely
o have prevented recurrent AT in most of the patients in
his study.
One possible explanation for the onset of different ATs
fter a successful AT procedure is that ablation across a
iven isthmus may facilitate re-entry at another isthmus. A
inear lesion for AT combined with the linear lesions during
he AF procedure may favor re-entrant AT by acting as
ultiple lateral barriers (11). The constraining effect im-
osed by these barriers may stabilize the putative re-entry
ircuit by preventing short circuiting. For example, linear
blation across the LA roof may have promoted macro–re-
ntry at the mitral isthmus (or vice versa), a phenomenon
hat often was observed in this study. This hypothesis is
upported by a recent study that noted that the most
requent arrhythmia after linear ablation at the roof for AF
as mitral isthmus-dependent atrial flutter (10). Impor-
antly, this arrhythmia was only inducible after linear
blation at the roof. Therefore, an ablation line at 1 isthmus,
rrespective of completeness, may alter LA conduction
atterns and promote re-entry at another isthmus.
ultiple-loop ATs. An important finding in this study is
hat approximately 20% of patients showed multiple-loop
ircuits with as many as 4 simultaneous loops. It is impor-
ant to recognize these complex arrhythmias because they
ay require a different approach than single-loop postabla-
ion ATs. If radiofrequency energy delivery fails to change
he cycle length or the P-wave morphology despite voltage
batement, ablation then should be performed at another
sthmus, as identified by entrainment mapping. Although it
ay seem that ablation at the first isthmus had no apparent
ffect on the tachycardia, it may very well have been effective
n eliminating one of the loops of the multiple-loop AT.
V isolation. Another finding of this study is that PV
solation during the AT ablation session was protective
gainst recurrent arrhythmias during follow-up. This obser-
ation suggests that PVs not only are responsible for
riggering/maintaining AF, but also may be critical in the
evelopment of AT after CPVA. Although complete PV
isconnection may not be critical for the elimination of
F with the ablation strategy used in this study (12), it
oes seem to be important for preventing recurrent AT
uring follow-up, as has been noted by others (13,14).
his implies that the prevalence of AT may be lower if
omplete PV isolation is achieved during the index
rocedure for AF.
eptal ATs. In this study, macro–re-entrant septal ATs
ere found to be relatively resistant to catheter ablation and
ended to recur during follow-up. The fact that a septal
achycardia in 1 patient was transiently interrupted with
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October 30, 2007:1781–7 Atrial Tachycardia After Ablationadiofrequency energy delivery on either the left or right
spect of the interatrial septum suggests that the critical
sthmus was intramural and inaccessible by conventional
blation techniques. A recent anatomical study reported
hat the septum is thicker than other sites in the LA,
ncluding the mitral isthmus, roof, and anterior and poste-
ior walls (15). This may explain why septal ATs are difficult
o ablate.
Of note is that if catheter ablation is unsuccessful from
he LA side of the septum, targeting the right atrial aspect
f the septum may be successful in eliminating the tachy-
ardia. Irrespective of the side of the septum that is targeted,
he operator should remain vigilant to the possibility of
njury to the compact atrioventricular node.
rior studies. Prior studies have also reported on organized
Ts after catheter ablation of AF. However, these studies
ere small (3,4,13,16), and most had a relatively short
uration of follow-up. The large number of patients and
Ts in the present study made it possible to identify factors
ssociated with a favorable outcome and recurrence. The
ocus of most of these studies was AT after PV isolation,
lbeit with differing techniques. The PV disconnection was
ot a procedural end point for patients who underwent
PVA for AF in the current study, which may account
or the difference in prevalence of AT after CPVA (4)
nd PV isolation (16). Long linear lesions, as opposed to
egmental PV isolation, may result in complex gap
eometries that promote conduction block and facilitate
e-entry (17).
tudy limitations. All of the patients in this study
nderwent AF ablation using the strategy of CPVA, and
herefore the results may not apply to other ablation
trategies. However, re-entrant ATs similar to the ones
escribed in this study have been reported after various
F ablation strategies (10,11,14). Furthermore, similar
Ts have been observed in patients with structural heart
isease who have not undergone catheter ablation (7,18),
nd in patients who have undergone surgical ablation of
F (19). Therefore, the results of this study are germane
o patients with AT after treatment of AF by various
odalities.
The limitations of activation mapping, especially in atria
ith large areas of low voltage, should be noted. It also may
e challenging to interpret complex electrograms, especially
uring entrainment mapping.
onclusions
he vast majority of arrhythmias that occur after CPVA are
e-entrant and use gaps in prior ablation lines. Although
apping and ablation of these tachycardias may be chal-
enging, catheter ablation is successful in most patients with
ostablation ATs. However, some patients may develop
ecurrent tachycardias from different isthmi despite a seem-
ngly successful procedure. Avoidance of multiple ablationines, demonstration of conduction block, and PV disconnec-
ion are likely to decrease the prevalence of postablation ATs.
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